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INTRODUCTION 

To improve the detection and treatment of cancer, tumor-specific targeting has been 

proposed using a variety of targeting moieties such as folic acid, transferrin, RGD-peptides, 

antibodies or their fragments. A typical targeting method is to use antibodies to target cancer 

cellular markers. Maximal tumor targeting with minimal background or minimal exposure of 

normal organs is the goal for the clinical application of monoclonal antibodies (MAbs) for cancer 

diagnosis and therapy. MAbs and their fragments are of particular interest due to their high 

specificity for their epitopes, as well as wide variety of possible target structures. In addition, 

successful development of genetically engineered humanized antibody fragments reduces the 

problems with immune responses against mouse antibodies [1].  

Tumor-associated mucines have been implicated in the pathogenesis of many cancers. 

Tumor-associated glycoprotein (TAG-72) is a panadeno-carcinoma antigen, which is expressed 

by majority of primary and metastatic human adenocarcinomas.  It has been demonstrated that 

TAG-72 is expressed on about 85% of human adenocarcinomas such as colon, breast, pancreatic, 

ovarian, prostate, non-small cell lung, and gastric cancers and is not expressed in normal adult 

tissues except secretary endometrial tissues [2].   

The murine MAb CC49 recognizes the sialyl-Tn and sialyl-T epitopes [3], which are 

disaccharide carbohydrate antigens present on mucin-like glycoproteins, including TAG-72. 

MAbs CC49 exhibit high reactivity to gastric, pancreatic and colon adenocarcinomas. Due to the 

high specificity and strong immunoreactivity to target antigen, CC49 antibody has entered in 

clinical trials for the imaging and treatment of various carcinomas [4]. These data suggest that 

anti-TAG72 antibodies can be exploited in rational design of the targeted nanogels to improve 

the selectivity of colorectal cancer imaging. 

The simple and controlled method of the conjugation of various proteins to the 

nanoparticle surface can still pose a significant challenge. One of the attractive approach is to use 

the aldehyde functionalized polymer and N-terminal amino group of proteins for formation of 

stable secondary amino linkage via reductive amination [5]. The PEG possessing a terminal 

aldehyde group, also called as “second-generation” PEGylation reagent, is widely used for 

conjugation with proteins in biomedical field [6-8].  
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BODY OF REPORT 

This section describes the efforts devoted by the program team to meet the major technical 

objectives that were: 1) develop the procedures for the synthesis of nanogels with terminal 

reactive groups on the surface; 2) conjugate antibodies to a nanogel surface; 3) demonstrate 

specificity of the antibody-nanogels conjugates to immunogen; 4) test the tumor-targeting 

capabilities of CC49-modified nanogels in vivo.  

 
Synthesis of block copolymers 

Well-defined block copolymers were synthesized by atom transfer radical polymerization 

(ATRP) [7]. The general scheme of synthesis of PEG-b-PMA block copolymers with terminal 

aldehyde group by ATRP is outlined in Scheme 1. The synthetic procedure included three parts: 

1) the synthesis of macroinitiator 4, 2) the synthesis of precursor block copolymer 5, acetal-PEG-

b-PtBMA, by ATRP and 3) the deprotection of precursor leading to the formation of aldehyde-

PEG-b-PMA. Each of these steps produced stable intermediates, which were characterized by 
1H-NMR (Figure 1). 

 

Scheme 1. Synthesis of aldehyde-PEG-b-PMA block copolymer. 

First, the macroinitiator 4 was synthesized from Fmoc-PEG-NHS by introduction of 

acetal group and amidation of the product 3 in the presence of 2-bromoisobutyryl bromide. In 

order to introduce the acetal group, Fmoc-PEG-NHS 1 was reacted with the excess 4-

aminobutyraldehyde diethyl acetal in dichloromethane in the presence of DIEA. The 
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disappearance of chemical shift of methylene group (2.8 ppm) of NHS in Fmoc-PEG-NHS as 

well as the presence of methylene group (3.4 ppm) and methyl group (1.2 ppm) of acetal in 1H-

NMR spectra of intermediate 2 indicated the successful introduction of acetal groups (Figure 

1.2). The peak at 3.61 ppm corresponded to the typical protons of PEG chain. The deprotection 

of the Fmoc units of intermediate 2 was carried out using 20% piperdine/DMF and was 

proceeded completely, as confirmed by the disappearance of the specific protons of Fmoc group 

(7.2-7.8 ppm, 5.3 ppm) in the 1H-NMR spectra (Figure 1.3). Then terminal amino group of 

intermediate product 3 reacted with 2-bromoisobutyryl bromide via amidation reaction. After 

thorough purification, the macroinitiator 4 was analyzed by 1H-NMR (Figure 1.4). The singlet at 

1.96 ppm, which belongs to the protons of Br-C(CH3)2-, indicated the successful synthesis the 

macroinitiator 4. The second step of the synthetic procedure was the polymerization of tert-butyl 

methacrylate by ATRP, which was initiated by macroinitiator 4 [8]. The presence of backbone 

protons of PMA chains (1.65 and 1.00 ppm) and tert-butyl group (1.4 ppm) in 1H-NMR 

spectrum of product 5 confirmed the successful polymerization (Figure 1.5). There were no 

unpolymerized tert-butyl methacrylate remained in the purified diblock copolymer 5, as 

determined by GPC (data not shown). The average molar composition of diblock copolymer was 

quantitatively determined by comparing the integrated areas of tert-butyl and PEG groups (Table 

1). In order to obtain the final block copolymer 6, the hydrolysis of copolymer 5 was carried out 

in the acidic condition, which allows removing of tert-butyl and acetal groups simultaneously. 

This deprotection reaction proceeded completely, as confirmed by the disappearance of the peaks 

attributed to the tert-butyl and acetal units in the 1H NMR spectra of aldehyde-PEG-b-PMA 

(Figure 1.6). It should be noted that the degree polymerization of PMA did not change upon the 

hydrolysis.  

The chemical compositions and molecular weights of the resulting block copolymers 

with terminal aldehyde group are summarized in Table 1. The aldehyde-PEG-b-PMA diblock 

copolymers, comprising the constant PEG block (114 repeating units) and anionic segment of 

various length (56, 75, and 133 repeating units), were synthesized. Diblock copolymer samples 

are denoted as PEG(x)-b-PMA(y), where x and y represent the degree of polymerization of the 

PEG and PMA segments, respectively. The GPC profiles confirmed the synthesis of uniformed 

polymers with narrow molecular distribution, Mw/Mn (Table 1). The analysis of the samples 

showed very good agreement between the molecular weight determined by GPC and 1H-NMR. 
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Altogether, the well-defined amphiphilic PEG-b-PMA diblock copolymers with terminal 

aldehyde group were successfully synthesized by ATRP technique.  

 

Table 1. Physicochemical characteristics of aldehyde-PEG-b-PMA diblock copolymers  

Composition Mn by NMR Mn by GPC Mw/Mn 

PEG(114)-b-PMA(56) 9,337 9,076 1.15 

PEG(114)-b-PMA(75) 10,781 10,105 1.21 

PEG(114)-b-PMA(133) 15,189 14,875 1.25 

Mw: average molecular weight; Mw/Mn: polydispersity 
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Figure 2. 1H NMR spectra of the intermediates and final aldehyde-PEG-b-PMA block 
copolymer. The numbers are consistent with those in the Scheme 1. The solvents are CDCl3 (1-

5) and D2O (6), respectively. 
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 Synthesis of surface functionalized nanogels 

Cross-linked nanogels with aldehyde functional groups, cl-PEG-b-PMA, were prepared 

by template-assisted method using a two-step process, which includes 1) condensation of 

aldehyde-PEG-b-PMA copolymers with Ca2+ ions into spherical self-assembled block ionomer 

complexes (BIC) and 2) cross-linking reaction of BIC templates by bifunctional agents using the 

procedure described in our previous reports and publications  [9-11]. 

The BIC formation of aldehyde-PEG-b-PMA block copolymers with Ca2+ ions was 

determined by an increase of turbidity of the system and their particle size [10]. The Figure 3 

presents the turbidity and particle size of PEG-b-PMA/Ca2+ complexes as a function of the 

charge ratio in the mixture, Z. The latter is expressed as Z = Cm∙n/Ci, where Cm is Ca2+ molar 

concentration, n is the valence of the metal ion, and Ci is the molar concentration of the 

carboxylate groups of PMA chains at a given pH. Notably, the complexation behavior of PEG-b-

PMA copolymers with condensing agent was strongly dependent on the length of the ionic PMA 

segments of the block ionomer (Figure 3A). Thus, the onsets of BIC formation in PEG(114)-b-

PMA(133)/Ca2+, PEG(114)-b-PMA(75)/Ca2+ and PEG(114)-b-PMA(56)/Ca2+ mixtures were 

observed in the vicinity of Z = 1.0, 1.3 and 1.5, respectively, as manifested by an increase in the 

turbidity of the system. The presence of higher content of hydrophilic PEG segments in the PEG-

b-PMA copolymers affected the onset of self-assembly in the PEG-b-PMA/Ca2+ mixtures which 

is shifted towards higher concentration of condensing agent (or higher charge ratio Z). The 

particle size of the resulting BICs was determined by dynamic light scattering (DLS) at the onset 

of self-assembly of PEG-b-PMA block copolymers with Ca2+ ions (Figure 3B). The formation 

of narrow distributed particles with hydrodynamic diameter less than 80 nm (PDI <0.1) was 

detected. As the amount of condensing agent increased, the particle sizes of PEG-b-PMA/Ca2+ 

complexes were slightly increased. Notably, the BIC of all prepared copolymers were stable in 

the aqueous solutions over the entire range of the charge ratios studied in this work. These block 

ionomer-metal complexes can be considered as a special type of the copolymer with neutralized, 

water-insoluble segments from the polyion-metal complex and water-soluble PEG chains. 

Overall, these data suggest that the relative ratio of neutralized and polyether segments 

determined the solution properties of the complexes.  
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Figure 3. Turbidity of the PEG-b-PMA/Ca2+ systems as a function of the charge ratio in the 
mixture, Z: () PEG(114)-b-PMA(133), () PEG(114)-b-PMA(75) and (▲) PEG(114)-b-
PMA(56). 

 

The BIC formed between PEG-b-PMA polymer and Ca2+ ions were further utilized as 

“core-shell” templates for the synthesis of cross-linked nanogels with aldehyde functional groups. 

Cross-linking of the core of the PEG-b-PMA/Ca2+ complexes was achieved via condensation 

reactions between the carboxylic groups of PMA chains and the amine functional groups of 

ethylenediamine in the presence of a water-soluble carbodiimide, EDC. The resulting cl-PEG-b-

PMA nanogels possessed the hydrogel-like behavior upon a change of pH and ionic strength of 

solution [9, 10]. The particle size and net negative ζ-potential of the nanogels were reversibly 

and considerably increased with increase of pH (Figure 4A, 5B). Such swelling behaviors were 

induced by the ionization of the carboxylic groups of the PMA chains and increasing of osmotic 

pressure due to the penetration of the counterions into the volume of nanogels. It should be noted 

that cross-links may take place in PEG shell as a side reaction between aldehyde and amino 

groups, forming unstable imines under experimental conditions [12,13]. Anyhow, the DNPH 

colorimetric assay revealed sufficient amount of free aldehyde groups in nanogels for further 

conjugation with mAbs.  
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Figure 4. Physicochemical characteristics of aldehyde-functionalized cl-PEG-b-PMA nanogels. 
(A) Effective diameter (Deff) and (B) ζ-potential of cl-PEG-b-PMA nanogels with 20% targeted 
degree of cross-linking as a function of pH. () cl-PEG(114)-b-PMA(133), () cl-PEG(114)-b-
PMA(75) and (▲) cl-PEG(114)-b-PMA(56). Effective diameter denotes averaged value 
calculated from three measurements performed on each sample.  

 

The size and morphology of cross-linked nanogels were further characterized by tapping-

mode AFM. This technique allows visualization of the entire particles and yields their heights 

and widths. The typical AFM images of cl-PEG-b-PMA nanogels showed spherical 

nanoparticles with a narrow distribution in size (Figure 5). The aspect ratio, diameter versus 

height, shows the “softness” of cl-PEG-b-PMA nanogels (Table 2). It should be noted that 

usually tapping-mode AFM detects the lower values for the height of the soft material due to the 

elastic deformation of material and drying process (AFM in air), but higher numbers for the 

width as a result of tip convolution effect. Also, prepared negatively charged cl-PEG-b-PMA 

nanogels were deposit on positively charged APS-mica. Therefore, the electrostatic interactions 

between nanogels and APS-mica might give an additional flattening of the nanogel particles. 

Nevertheless, cl-PEG(114)-b-PMA(133) nanogels had the smallest height and diameter, which is 

consistent with DLS results. This nanogel had relatively less weight fraction of the hydrophilic 

PEG chains (fEG = 0.26) in comparison with other prepared nanogels. The largest nanoparticles 

were observed in cl-PEG(114)-b-PMA(56), which had bigger a weight fraction of PEG blocks 

(fEG = 0.45). These data were in agreement with the expected flexible, shape-adaptable character 

of these nanostructures imparted by the “softness” of material. Overall, the aldehyde-

B A 
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functionalized nanogels displayed volume transitions at the nanosized scale in response to 

changes in pH. 

Table 2. Dimensions of cl-PEG-b-PMA nanogels 

Nanogels fEG
a
 

AFM DLS 

Hav
b, nm Wav

c, nm Aspect ratio 

(Wav/Hav) Deff (nm)d 

cl-PEG(114)-b-PMA(56) 0.45 13.2 ± 0.2 162.7 ± 2.9 12.4 210.3 

cl-PEG(114)-b-PMA(75) 0.38 7.2 ± 0.1 96.0 ± 0.9 13.3 168.6 

cl-PEG(114)-b-PMA(133) 0.26 5.7 ± 0.1 85.5 ± 0.3 15.0 135.2 

a The weight fraction of PEG blocks 
b  Number-averaged heights (Hav) of the nanogels  
c  Number-averaged widths (Wav) of the nanogels  
d Effective diameter at pH 7.0 

 

 

 

Figure 5. Tapping-mode AFM 
images of nanogels and mAb-
nanogels deposited from aqueous 
solutions on the APS-mica. (A) cl-
PEG(114)-b-PMA(133), (B) cl-
PEG(114)-b-PMA(75), (C) cl-
PEG(114)-b-PMA(56), and (D) 

CC49-nanogel. Scan size in 3 m. 
The inserts show 3D image of the 
same nanogels. Bar equals 40 nm. 
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Conjugation of monoclonal antibody to a nanogel surface 

cl-PEG(114)-b-PMA(133) nanogel was chosen as a platform for further conjugation of 

antibody to a nanogel surface using reductive amination reaction. The specific targeting ligand to 

TAG-72, monoclonal antibody CC49, was successfully conjugated to nanogels via aldehyde 

functional groups in the presence of sodium cyanoborohydride. The reaction proceeded via an 

intermediate imine (Schiff base) which was in equilibrium with their free forms and highly pH 

dependent [5, 13]. The reduction of Schiff base was irreversible and leaded to formation of 

chemically stable bond. The purified mAb-nanogels were obtained after the size exclusion 

chromatography on Sepharose CL-6B. It should be noted that the purification of reaction mixture 

allowed removing all unbound mAb, while unmodified and mAb-conjugated nanogels are not 

separated. The conjugation of CC49 to nanogels resulted in the slight decrease of particle size 

from 175 ± 5 nm to 159 ± 2 nm (PDI < 0.12). Interestingly, the -potential of the CC49-nanogels 

was significantly decreased from -32.1 ± 3.2 mV to -17.0 ± 2.7 mV. Practically the same results 

were obtained for control non-specific IgG-nanogels. It is likely that the net negative charge of 

the mAb-nanogels was partially shielded by conjugated mAbs. The swelling behavior of mAb-

nanogels was practically the same as for unmodified nanogels. The morphology of nanogels 

remained unchanged after their conjugation with mAb as determined by AFM in air (Figure 5D). 

The amount of conjugated mAb was evaluated by micro BCA assay and was estimated to be 

100-150 μg per mg of nanogel. The unmodified and mAb-conjugated nanogels remained stable 

in phosphate buffered saline (pH 7.4) in a wide range of concentrations (up to 1.5 %), exhibiting 

no aggregation for weeks. Interestingly, mAb-nanogels with high amount of conjugated mAb 

(more than 200 μg per mg of nanogel) were aggregated over the time (days). Overall, these data 

demonstrated that the sufficient amount of mAb could be conjugated to the nanogels by simple 

method without changing morphology of the nanocarriers.  

 

Evaluation of antigen-binding selectivity of antibody conjugated nanogels 

In order to investigate the antigen-binding selectivity of mAb-nanogels, the surface 

plasmon resonance (SPR) measurements were performed. SPR technique has been used 

extensively in analyzing macromolecular interactions, including those between antibodies and 

their antigens. To define the specific binding of the CC49-nanogles to its targeted antigen BSM, 
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the BSA coated sensor chip and IgG-nanogels were used as controls [32]. SPR analysis revealed 

that CC49-nanogels were able to effectively recognize the immobilized BSM as seen by the 

strong specific binding of the targeted nanogels (Figure 6). However, the nanogels without 

targeting moiety or unspecific IgG-nanogels showed no specific binding to the BSM antigen. 

Also, the response of CC49-nanogles was partially attenuated by adding free CC49 either before 

or simultaneously with the CC49-nanogles, but the same response was not affected by adding the 

free IgG (not shown in figure). The association constants (KA) as determined by real-time kinetic 

analysis using BIAcore for free CC49 and CC49-nanogles were 1.25 × 108 and 9.6 × 107 M-1, 

respectively; the dissociation constants (KD) were  8 nM and 10.3 nM, respectively. This 

important result indicates that the conjugation of CC49 to the nanogels did not change its activity 

and kept intact binding affinity. In addition, to ensure the reproducibility of efficient conjugation, 

the procedure was repeated and SPR measurements provided the quite similar data. Taken 

together, our data suggest that as a result of decoration of the nanogels with the specific 

antibodies, the CC49-nanogels acquire ability for strong and specific interaction with its surface-

immobilized antigen.  

 

 

 

 

 

 

 

 

 

Figure 6. SPR sensorgrams of (1) CC49-nanogels, (2) IgG-nanogels, and (3) unmodified 
nanogels. Eluent: HBS-EP buffer, pH 7.4; flow rate: 5 l/ml; density of BSA & BSM was 
approx. 0.6 ng/mm2 per channel; sample concentration was 60 g/ml.  
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Altogether, aldehyde-functional groups on the surface of the nanogels permitted the efficient 

conjugation with CC49 antibody for active targeting. CC49-conjugated nanogels showed high 

affinity to specific antigens, which could lead to recognition of TAP-72-expressing tumor cells. 

 

Tumor detection in an animal model using CC49-labeled nanogels  

  

The in vivo migration and localization of CC49-labeled nanogels were evaluated in 

athymic nude mice (NCr-nu/nu) obtained from NCI (Bethesda, MD) using optical imaging. All 

in vivo experiments were performed in accordance to animal protocol approved by UNMC 

IACUC and USAMRMC ACURO. Mice bearing subcuteniosly implanted tumors (model I) were 

used in these experiments. A subcutaneous solid tumor was established by s.c. injection of 

human colon carcinoma LS-174T cells (5x106 in 100 l of culture medium) onto the back 

between scapulae in mice to induce tumor growth. Tumors were allowed to progress until they 

reach a size of about 300 mm3. 

Alexa680-labeled nanogels were prepared using PEG(170)-b-PMA(180) block 

copolymer followed by conjugation with CC49 antibodies. Fluorescently labeled non-targeted 

nanogels and nanogels conjugated with non-specific IgG (IgG-nanogels) were used as controls.  

In vivo imaging was performed with an IVIS 200 small animal Imaging System (Xenogen, 

Alameda, CA) comprised of a highly sensitive, cooled CCD camera mounted in a light-tight 

specimen box. Images and measurements of fluorescent signals were acquired and analyzed 

using Living Image 2.50 software (Xenogen). An ICG filter (excitation wavelength 710-760 nm 

and emission wavelength 810-875 nm) was used for acquiring images in vivo. Background 

fluorescence was measured for each animal and subtracted by setting up a background 

measurement.  

Ten minutes prior to in vivo imaging, three groups of LS174T tumor bearing mice (n=2-

3) were given Alexa680-nanogels, nonspecific IgG-Alexa680-nanogels, and specific CC49-

Alexa680-nanogels via  i.v. injection, then were placed onto a warmed stage inside the camera 

box and were anesthetized using 1–3% isoflurane (Abbott Laboratories, North Chicago, IL). The 

mice were injected at a dose of 150ul /mouse (0.16 nmol or 0.45 nmol NIR probe/animal). 

Imaging time point was 1 s, and the mice were imaged at 10 min, 30 min, 1, 6, 24, 48 h after 

injection. Both the dorsal and ventral sides of each mouse were imaged. Animals were sacrificed 

at 24 and 48 h postinjection. The anatomized tissues (tumor, liver, spleen, kidney and lung) were 
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imaged immediately. The mean fluorescent intensity of each tissue sample was obtained by 

subtracting the mean fluorescent intensity of corresponding tissue from the blank mouse. The 

fluorescent intensities in the heart were used to reflect the fluorescent intensities in the blood. 

The tissue to heart ratio for fluorescence was calculated. The tissues were designated as the 

regions of interest (ROI). 

Nanogels showed cumulative accumulation in organs and solid tumor due to its 

remarkably prolonged blood circulation time. The nanogels showed tumor accumulation after 1h 

post-injection and was maintained for an extended period. However, the biodistribution study in 

nude mice carrying LS174T xenografts showed the moderate uptake of targeted nanogels in the 

tumor site and enhanced uptake in the liver and spleen in comparison with non-targeted nanogels 

(Figure 7). Liver and spleen showed relatively high uptake of both conjugates, which is typical 

for entire antibodies. One of explanation of high uptake by liver could be in recognition of entire 

antibodies by macrophages. Based on this results we are planning to modify the surface of 

nanogels by fragments of CC49 (divalent and tetravalent scFv) and examine their biodistribution. 

Also, other reason of moderate enhance of tumor uptake is that the attachment of antibody can 

not be precisely controlled and as a result some portion of conjugated mAb could be inactive as 

well as the orientation of protein might be incompatible with receptor recognition. 

In general, the accumulation of nanoparticles at tumor tissues depends on the affinity of 

mAb-conjugated nanogels, circulation half-life, and tumor vessel permeability. The tumor uptake 

could be affect by several physicochemical characteristics of nanomaterials such as particle size, 

net charge, coating and others. In this study, the targeted and non-targeted nanogels had different 

net negative charge which could also affect on tumor/liver uptake.  
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Figure 7. Tissue-to-heart ratios for the mice sacrificed 24 h after injection of Alexa-nanogels 
(blue bars) or CC49-Alexa680-nanogels (yellow bars). Animals were dosed with 0.45 nmol of 
NIR probe. 

 

In addition, in research collaboration with group lead by Professor Yukio Nagasaki at Tsukuba 

Research Center for AInterdisciplibary Material Science, Graduate School of Pure and Applied 

Sciences, The University of Tsukuba, Japan, a novel type of  PEGylated nanogels composed of 

the cross-linked poly[2-(N,N-diethylamino)ethyl methacrylate]-co-poly(2,2,2-trifluoroethyl 

methacrylate) gel core was developed and their utility as nanoprobes for  19F magnetic resonance 

spectroscopic imaging (MRS/I) was studied. Two types of 19F-MRS/I nanoprobes based on 

PEGylated 19F-labled pH-responsive 1) cross-linked nanogels or 2) non cross-linked, self-

assembled polymeric micelles were synthesized by emulsion copolymerization, and 

characterized using dynamic light scattering and 19F-MRS/I. Both nanogels and micelles showed 

remarkable on-off regulation of 19F-MR signal intensity in response to a pH change from 

physiological pH=7.4 to tumor environment pH=6.5 and endosomal/lysosomal pH=5.5. The 

decrease of pH in this range resulted in the increase in the molecular motion (T2 values) of the 
19F-compounds through the swelling of the nanogel cross-linked core or decomposition of the 

micelles non-cross-linked core. The signal noise (S/N) ratios of the PEGylated nanogels at 

pH=7.4, 6.5, and 5.5 calculated from phantom images were found to be ~ 0, 7.63, and 5.75, 

respectively.  Eventually, an appreciably enhanced S/N ratio at pH=6.5 and 5.5 was achieved, 
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demonstrating the utility of the PEGyated nanogels as solid tumor-specific smart 19F-MRI/S 

nanoprobes. The results of this collaborative work were published in Chemistry Letters, journal 

of The Chemical Society of Japan. 

 

KEY RESEARCH ACCOMPLISHMENTS 

 Procedures for the synthesis of PEG-b-PMA block copolymers with terminal aldehyde 

group by atom transfer radical polymerization (ATRP) were developed. 

 A series of block copolymers with different length of ionic segment was synthesized and 

characterized. 

 Representative panel of nanogels containing aldehyde groups on the surface was 

synthesized using diblock copolymers of different compositions. 

 The physicochemical characteristics of the nanogels (dimensions, swelling behavior) 

were determined. 

 The CC49 antibodies to TAG72 specific to colon cancer cells were successfully attached 

to the nanogels.  

 The physicochemical characteristics of the MAb CC49-modified nanogels (dimensions, 

swelling behavior) were determined by combination of different physico-chemical 

techniques (DLS, AFM). 

 Specific binding of the MAB CC49-nanogel conjugates to bovine submaxillary mucin 

(BSM), which contains the epitopes recognized by CC49 antibodies, as a positive control 

and bovine serum albumin (BSA) as a negative control, was determined by surface 

plasmon resonance measurements. The binding ability of the nanogels conjugated with 

CC49 was compared to that of unconjugated constructs.   

 The dissociation constants (KD) for free MAb CC49 and CC49-conjugated nanogels were 

8 nM and 10.3 nM, respectively. 

 The CC49-labeled nanogels showed tumor accumulation after 1h post-injection which 

was maintained for an extended period of time (up to 72 hours).  

 pH-responsive PEGylated nanogels based on cross-linked poly[2-(N,N-

diethylamino)ethyl methacrylate]-co-poly(2,2,2-trifluoroethyl methacrylate) were 

validated as 19F MRS/I nanoprobes. 
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REPORTABLE OUTCOMES 

 The procedures for the conjugation of the antibodies to the nanogels were developed. 

 Anti-TAG72 antibodies (MAb CC49) were successfully conjugated to the nanogels with 

aldehyde functionalities without loss in binding affinity. 

 Specific recognition of antigen by CC49-modified nanogels was demonstrated. 

  The feasibility of using CC49-nanogels for NIR fluorescence imaging of tumors in a 

xenograft animal mode was tested. 

 

CONCLUSIONS 

 Well-defined diblock copolymers of poly(ethylene glycol) and polymethacrylic acid 

(PEG-b-PMA) with aldehyde functionality were prepared using ATRP technique. The 

solution properties of the micellar templates can be manipulated by variation of the 

composition of PEG and PMA segments. Novel surface-functionalized cross-linked 

nanogels were synthesized by template-assisted method and successfully conjugated with 

mAbs. Aldehyde-functionalized surface gives an opportunity for simple and efficient 

conjugation with diverse proteins. Important, that the specific CC49-nanogels showed 

high affinity to its antigens, which confirms the intact activity of mAb during conjugation. 

“Proof-of –principle” optical imaging studies demonstrated that NIR-emissive CC49-

modified nanogels are suitable for the detecting in vivo tumors. However, an enhanced 

uptake of antibody-mofified nanohels in the liver and spleen was observed in comparison 

with non-targeted nanogels. Tumor-targeting capabilities of nanogels can be altered by 

using fragments of CC49 (divalent and tetravalent scFv) for modification of the surface 

of nanogels. These studies are currently in progress.  
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